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TELEVISION RECEIVER HAVING SKEW 
CORRECTED CLOCK 

This invention relates to an apparatus for generating 
a skew corrected master clock signal MCS for use in a 
digital television receiver. 

BACKGROUND 

In a digital TV receiver, a broadcast analog color 
video signal is applied to a conventional receiving an 
tenna. The signal received by the antenna is processed 
by an analog tuner and intermediate frequency (IF) 
circuitry. A baseband composite video signal CVS from 
the IF circuitry is applied to an analog-to-digital (A/D) 
converter. The A/D converter develops binary or digi 
tal representations of the analog composite video signal 
CVS in response to a sampling or master clock signal 
MCS. The binary samples are processed in digital cir 
cuits to appropriately condition the luminance Y (luma) 
and chromínance C (chroma) components of the com 
posite video signal CVS for application to the matrìxing 
circuitry of the TV receiver. The Red (R), Green (G) 
and Blue (B) signals developed by the matrix circuits 
are converted back to the analog format for application 
to the kinescope. 
For chroma demodulation, it is advantageous to set 

the frequency of the sampling clock signal MCS at four 
(4) times the color subcarrier rate Fsc, and to phase lock 
the 4 Fsc clock signal to the color burst signal BS incor 
porated in the incoming composite video signal CVS. 
Sampling the chromínance signal C using a 4 Fsc burst 
locked clock (BLC) produces the following sample 
sequence: -(B-Y),(RY),(BY),(RY),(BY) and so 
on. Demodulation may be accomplished by merely 
demultiplexing the sample stream into separate (R-Y) 
and (B-Y) data streams. 
However, for memory based features (e. g., pix-in-pix, 

freeze picture, zoom, recursive filtering, etc.), it is desir 
able to process the video signal with a line locked clock 
(LLC). A link locked clock produces a fixed integer 
number (e.g., 910) of sampling points per horizontal 
line. This simplifies memory based video features pro 
cessing (e.g., line, field or frame memories), because the 
respective samples are vertically aligned (i.e., TV raster 
is orthogonally sampled). 
For a standard NTSC video signal (e.g., broadcast 

TV signal), a sampling clock frequency, which is an 
even integer multiple of the color subcarrier frequency 
Fsc, contains a fixed integer number of clock pulses in 
every horizontal line period. The color subcarrier fre 
quency Fsc is established at 455/2 times the horizontal 
line frequency FH (i.e., Fs¢=(455/2)>< FH) in a standard 
NTSC TV Signal. A sampling clock frequency FMCS of 
4 Fsc has exactly 910 clock periods (4X 455/ 2) in every 
horizontal line period. For a standard NTSC video 
signal, a clock signal may be concurrently burst locked 
and line locked, thereby facilitating both chroma de 
modulation and memory based applications (e. g., 
zoom). 
However, not all NTSC compatible TV signals con 

form precisely to the NTSC broadcast standard format. 
For example, signals produced by a video cassette re 
corder (VCR) have varying horizontal line periods in 
the reproduced signal. This results in a variation in the 
number of clock pulses developed per horizontal line 
(e.g., 909.9, 910, 910.1, etc.). In general, for non-stand 
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2 
ard TV signals, it is not possible that a clock signal be 
simultaneously burst locked and line locked. 
Two previously known approaches for processing 

non-standard TV signals in the digital domain employ 
either a burst locked clock or a line locked clock. The 
use of a burst locked clock simplifies chroma demodula 
tion. However, a burst locked clock produces a varia 
tion in the number of clock pulses per horizontal line, 
and, therefore, causes a line-to-line variation in the 
phase of the clock signal relative to the horizontal syn 
chronizing component. The line-to-line phase variation 
of the clock signal relative to the horizontal sync signal 
causes misalignment of the respective picture elements 
(pixels) from successive lines of the TV raster, thereby 
requiring additional processing for memory-based fea 
tures. 

In order to compensate for the line-to-line misalign 
ment of the pixels before they are written into the mem 
ory in a burst locked clock system, the input signal 
samples are time shifted to skew corrected for the phase 
differences between the incoming horizontal sync 
pulses IHSP’s and the sampling clock pulses MCSP’s. 
Additionally, the signal samples read out from the mem 
ory are corrected for skew errors prior to their applica 
tion to the RGB matrix of the TV receiver. U.S. Pat. 
No. 4,638,360, entitled “Timing Correction For A Pic 
ture-In-Picture Television System”, describes illustra 
tive circuitry for correcting timebase errors in the in 
coming and outgoing signals in a memory-based video 
signal processing system, which uses a burst locked 
clock. 

Alternately, one may use a line locked clock for sam 
pling non-standard TV signals. Although this simplifies 
video features processing (e.g., pix-in-pix), it compli 
cates the chroma demodulation operation when the TV 
signal is non-standard. Refer to a paper presented by 
Tom Nillesen, entitled “Line Locked Digital Colour 
Decoding”, at the International Conference on Con 
sumer Electronics in June, 1985 in Chicago for details 
of a chroma demodulation apparatus that operates in a 
line locked clock system. 

SUMMARY OF INVENTION 

In accordance with this invention, an apparatus is 
disclosed for generating a skew corrected master clock 
signal MCS. The apparatus includes an oscillator for 
providing a fixed frequency signal FFOS having a fre-_ 
quency which is fixed integer multiple K of the desired 
nominal frequency (e.g., 4 Fsc) of the skew corrected 
master clock signal MCS. A frequency divide-by-K 
circuit coupled for' receiving the ñxed freqeuncy oscil 
lator signal FFOS generates the skew-corrected master 
clock signal MCS, which is reset at the beginning of 
every horizontal line. 
The skew corrected master clock signal MCS is not 

locked in the burst phase. Furthermore, the skew cor 
rected master clock does not provide a fixed integer 
number of clock pulses per horizontal line, and, there 
fore, is not line locked. However, the phase of the skew 
corrected master clock signal MCS is reset at the begin 
ning of every horizontal line. Once the phase of the 
skew corrected master clock signal MCS is reset, its 
frequency is fixed (e.g., 4 Fsc) until the start of the next 
horizontal line. 

IN THE DRAWINGS 

FIG. 1 is a block diagram of an apparatus for generat 
ing a skew-corrected master clock signal MCS, and an 
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accompanying skew error signal SES, in accordance 
with the present invention; 
FIG. 2 is a logic schematic of an apparatus for gener 

ating a pair of control signals FCS and SCS for use in 
the FIG. 1 clock signal generating apparatus; 
FIG. 3 illustrates signal waveforms useful in under 

standing the operation of the FIG. 2 control signal 
generating apparatus; 
FIGS. 4 and 5 represent signal waveforms useful in 

describing the function of the FIG. 1 clock signal gener~ 
ating apparatus; 
FIG. 6 is a block diagram of a chroma demodulation 

apparatus for use with the skew corrected clock signal 
MCS; the FIG. 6 chroma demodulation apparatus is the 
subject matter of a commonly-assigned, concurrently 
filed U.S. patent application; and 
FIG. 7 is a partial block diagram of an apparatus for 

generating a new line signal NLS for use in the FIG. 6 
chroma demodulation apparatus. 

DETAILED DESCRIPTION: 

In the DRAWINGS, the lines interconnecting vari-= 
ous blocks represent either single conductor connec 
tions carrying analog signals or multi-conductor buses 
carrying multi-bit parallel digital signals, as the case 
may be. 

It will be readily appreciated by those skilled in the 
video signal processing art that many of the functions 
described hereinbelow may be practiced in either digital 
or analog domain. 

It is assumed that the incoming video signal nomi`= 
nally conforms to the NTSC standard format. Examples 
of signals conforming nominally to the NTSC standard 
format are video signals produced by a video cassette 
recorder or a video disc player (hereinafter, non-stand 
ard video signals). It is further assumed that the desired, 
nominal clock frequency FMCS is four (4) times the 
color subcarrier frequency FSC. 
FIG. 1 depicts an apparatus 20 for generating a skew 

corrected master clock signal MCS in accordance with 
the principles of the present invention. The skew cor= 
rected master clock signal MCS is utilized in the FIG. 6 
chroma demodulation apparatus 200 in the manner de 
scribed later. 
The FIG. 1 clock generating apparatus 20 includes a 

free running oscillator 22 for providing an asynchro 
nous fixed frequency oscillator signal FFOS. The fre 
quency FFFOS of the free running oscillator 22 is estab 
lished at a fixed integer multiple K (e.g., 32) of the 
desired nominal frequency (e.g., 4 Fsc) of the skew cor 
rected clock signal MCS. ' 
A frequency divide-by-K circuit 30 (hereinafter, di 

vider) is coupled to the output terminal 24 of the asyn 
chronous oscillator 22 for generating the skew cor 
rected master clock signal MCS at its output terminal 
32. The phase of the clock signal MCS is reset at the 
start of every line following the occurrence of a hori-I 
zontal sync signal pulse IHSSP in the manner explained 
below. 
An advantage of the subject invention is that a free 

running, fixed frequency oscillator 22 is used instead of 
a line locked, voltage controlled oscillator (VCO). An 
other advantage is that the master clock signal MCS is 
reset every horizontal line, whereby the timing of the 
pixels is consistent from line to line. This facilitates 
implementation of memory based applications (e.g, re 
cursive filtering, zoom, pix-in-pix, freeze, etc.). 
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The choice of the oscillator frequency is determined 

by the timing resolution required for the picture ele 
ments. It is advantageous to establish the multiple K 
(FFF0s/4 Fsc) equal to an integer power or an integer 
multiple of two (e.g., 128) to simplify the design of the 
divider 30. A 1.832727 GHz oscillator frequency FFFOS, 
for example, is 128 times the desired nominal frequency 
14.31818 MHz (4 Fx) ofthe master Clock signal Mcs. it 
results in 0.546 nsec of timing resolution for the televi 
sion raster. 
The divider 30 comprises a divide-by-m circuit 40 

(where m is a fixed integer) connected in series with a 
JK flip-flop 50. When in is a power of 2 (e.g., 16), the 
divide-by-m circuit 40 can be implemented with a plu 
rality of toggle flip-flops 42, 44 . . . and 48 connected in 
a ripple configuration in the manner shown in FIG. 1. 
The toggle flip-flops 42-48 are reset once every hori 
zontal line in response to a first control of timing signal 
FCS. 
FIG. 2 depicts an apparatus 100 for generating the 

first control signal FCS in response to the fixed fre 
quency oscillator signal FFOS, and a particular edge 
102 (e.g, the leading edge) of an incoming horizontal 
sync signal pulse THSSP. The horizontal sync signal 
IHSS applied to the control signal generating apparatus 
100 is a continuous-time analog signal. The horizontal 
sync signal IHSS may be derived from the conventional 
horizontal phase locked loop circuits of the TV re 
ceiver. 
The control signal generating apparatus 100 includes 

a plurality of D flip-flops 104, 106 and 108, and a pair of 
OR gates 110 and 112. The operation of the control 
signal generating apparatus 100 will be explained in 
conjunction with the waveforms illustrated in FIG'. 3. 
The fixed frequency oscillator signal FFOS (wave 

form 3.a) is applied to the clock input terminals of the 
flip-flops 104-108. The leading edge 102 (waveform 
3.b) of an incoming horizontal sync signal pulse IHSSP 
is coupled to the data input terminal D1 of the first 
flip-flop 104. The Qi and Q1 outputs (waveforms 3.o and 
3.d) of the first flip-flop 104 are applied to an input 
terminal of the OR gate 112 and the data input terminal 
D2 of the second flip-flop 106, respectively. The Q2 and 
Q2 outputs (waveforms 3.e and 3.0 are coupled to the 
data input terminal D3 of the third flip-flop 108 and an 
input terminal of the OR gate 110, respectively. The Q3 
output (waveform 3.g) of the third flip-flop 108 is ap 
plied to the respective input terminals of the OR gates 
110 and 112. The first and second control or timing 
signals FCS and SCS (waveforms 3.h and 3_i) are gener 
ated at the output terminals 114 and 116 of the OR gates 
110 and 112, res tively. The waveform 3.j shows the 
inverted value CS of the second control signal SCS. 
As will be seen from the waveform 3.h, the first con 

trol signal FCS extends from the second rising edge 122 
of the fixed frequency oscillator signal FFOS (follow 
ing the occurrence ofthe leading edge 102 of an incom 
ing horizontal sync signal pulse IHSSP) and the third 
rising edge 124 thereof. The second control signal SCS 
extends from the first rising edge 120 to the third rising 
edge 124 of the fixed frequency oscillator signal FFOS 
in the manner illustrated in the waveform 3.i. The lead 
ing edge 126 of the first control signal pulse FCSP 
occurs añer the leading edge 128 of the associated sec 
ond control signal pulse SCSP. 
As previously indicated, the divider 30 consists of a 

divide-by-m circuit 40 and a JK flip-flip 50. The output 
Q4 of the toggle flip-flop 48 to the divide-by-m circuit 
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40 is applied to the clock input terminal of the JK flip 
flop 50 via an AND gate 66. The second control signal 
SCS is coupled to the J and K input terminals of the 
flip-flop 50. The application of the second control signal 
SCS of the J and K input terminals of the flip-flop 50 
prevents a change in its Q output (i.e., MCS signal) 
while the divide-by-m circuit 40 is being reset once 
every line in response to the first control signal FCS. 

Pursuant to another feature of the present invention, 
the clock signal generating apparatus 20 further in 
cludes a circuit 60, shown in FIG. 1, for aligning the 
next predetermined transition (i.e., rising or falling) of 
each skew corrected clock signal pulse MCSP (occur 
ring after every incoming horizontal sync signal pulse 
IHSSP), regardless of the output state Q5 of the JK 
flip-flop 50 during the reset operation. The function of 
the aligning circuit 60 is explained below with the help 
of the waveforms in FIGS. 4 and 5. 
The aligning circuit 60 includes a 3J flip-flop 62, an 

OR gate 64 and an AND gate 66. The J and K input 
terminals of the flip-flop 62 are respectively biased at a 
logical one state (+5 V) and a logical zero state 
(ground). The clock input terminal zero state (ground). 
The clock input terminal of the flip-flop 62 is coupled 
for receiving the output signal Q4 of the toggle flip-flop 
48. 
The OR gate 64 has input terminals coupled for re 

ceiving the second control signal SCS and the output 
signal Q5/MCS of the JK flip-flop 50, and has an output 
terminal coupled to the reset terminal of the JK flip-flop 
62. The AND gate 66 has input terminals coupled for 
receiving the output signal Q4 of the toggle flip-flop 48 
and the output signal Q5” of the JK flip-flop 62. The 
output of the AND gate 66 is applied to the clock input 
terminal of the JK flip-flop 50. 
FIG. 4 shows a situation where the control signals 

FCS and SCS (waveforms 4.b and 4.c) occur while the 
clock signal Q5/MCS (waveform 4.d) is low. FIG. 5 
depicts the situation where the control signals FCS and 
SCS (waveforms 5.b and 5.c) occur while the clock 
signal Q5/MCS (waveform 5_d) is high. It will be seen 
that the very first rising edges 80 and 82 of the clock 
signal MCS occur after a fixed time interval “ö” follow 
ing the termination of the first control signal pulses 
FCSP’s 70 and 72, respectively. This is so regardless of 
whether the clock signal MCS is low or high at the time 
of the occurrence of the control or timing signal FCS 
and SCS. 
The waveform 4.a depicts the output signal Q4 of the 

divide-by-m circuit 40. The toggle flip-flops 42~48 of 
the divide-by-m circuit 40 are reset by the first control 
signal FCS (waveform 4.b). Once the reset pulse FCSP 
70 is removed, the output Q4 of the divide-by-m circuit 
40 follows the regular pattern shown by the waveform 
4.a (i.e., one falling edge 84 of the Q4 signal for every m 
cycles of the FFOS signal). 
The reset pulse RP (waveform 4.e) causes the output 

signal Q5” (waveform 4.f) of the JK flip-flop 62 to go 
low. The signal Q5" remains low until the occurrence of 
the first negative going edge 84 of the signal Q4 (wave 
form 4.a) applied to the clock input terminal of the 
flip-flop 62, at which time the signal Q5” goes high. 
The signal Q4” (waveform 4.g) of the output of the 

AND gate 66 follows the input signal Q4 (waveform 
4.a) when the other input signal Q5” (waveform 4.f) 
from the JK flip-flop 62 is high. When the J and K input 
terminals of the flip-flop 50 are low (i.e., SCS is low), its 
output Q5 remains low. When the J and K input termi 
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6 
nals of the flip-flop 50 are high (i.e. SCS is high), every 
negative going edge of the clock input signal Q4", 
causes the flip-flop 50 to change its output state Q5. The 
output (waveform 4.d) of the JK flip-flop 50 is the skew 
corrected clock signal MCS. 
As previously indicated, the waveforms in FIG. 5 

illustrate a Asituation where the control signals FCS and 
SCS (waveforms 5.b and 5.c) occur while the clock 
signal Q5/MCS (waveform 5.d) is high. The waveforms 
5.a, 5.b and 5.c depicting the signals Q4, FCS ‘and SCS 
are the same as the respective waveforms 4.a, 4.b and 
4.c.in FIG. 4. 
The output Q5” (waveform 5.1) of the JK flip-flop 62 

remains high, because the flip-flop 62 is not reset. The 
output Q4” (waveform 5.g) of the AND gate 66 follows 
the output signal Q4 (waveform 5.a) of the divide-by-m 
circuit 40. Since the J and K inputs of the flip-flop 50 are 
high (i.e., SCS is high), every falling edge of the clock 
input signal Q4" (waveform 5.g) triggers the JK flip 
flop 50. The waveform 5.d depicts the output MCS of 
the JK flip-flop 50. It will be noted that the very first 
rising edge 82 of the clock signal MCS occurs the same 
time interval “ö” after the divide-by-m circuit 40 is reset 
in response to the first control signal FCS. 
The clock generating apparatus 20 further includes 

means 150 coupled to the divider 30 for capturing and 
saving the current state SEC thereof before the divider 
is reset every horizontal line in response to the first 
control signal FCS. The state signal SES (which repre 
sents the divider count at the time the divider 30 is reset) 
is indicative of the skew or phase error of the clock 
signal MCS relative to the associated horizontal sync 
pulse IHSSP at the start of each line. The state captur 
ing means 150 comprises of a plurality of D flip-flops 
152, 154, . . . 158 and 160 having their D input terminals 
coupled for receiving the respective output states Q1, 
Q2, . . . Q4 and _Q5 of the divid-er flip-flops 42, 44, . . . 48 
and 50. The complement SCS (waveform 3.j) of the 
second control signal SCS is applied to all to the clock 
input terminals of the state capturing flip-flops 152-160. 
The current state SES of the divider flip-flops 42-50, 

indicative of the skew or phase error, is latched into _the 
respective flip-flops 152-160 in response to the SCS 
signal. From FIG. 3, it will be seen that the leading edge 
128 of the second control signal pulse SCSP (waveform 
3.i) occurs prior to the leading edge 126 of the first 
control signal pulse FCSP (waveform 3.h). This allows 
the state capturing means 150 to save the current state 
SES of the divider 30 before it is reset by the first con 
trol signal FCS. 
The chroma demodulation apparatus 200 utilizes the 

skew corrected clock signal MCS and the state signal 
SES (indicative of the skew error) in the manner illus 
trated in FIG. 6. The FIG. 6 chroma demodulation 
apparatus is the subject matter of a concurrently-filed, 
commonly-assigned, copending U.S. patent application 
filed in behalf of the same inventors. 
The incoming composite video signal CVS is applied 

to the input terminal 202 of an analog-to-digital (A/D) 
converter 210. The A/D converter 210 generates digi 
tal representation CVS' of the incoming video signal 
CVS at a rate determined by the skew corrected clock 
signal MCS. 
The digital samples CVS’ are applied to a pair of 

multipliers 220 and 230, where they are multiplied by 
the respective cosine and sine values of the phase angle 
¢s¢ of a burst locked color subcarrier signal, where 
‘bx-11u56. t or 211'. FSC . t. The output FMO and SMO of 
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the first and second multipliers 220 and 230 can be rep 
resented as follows: 

FMO=(B-Y)+double frequency (2 F56) 
components 

SMO = (R-Y) + double frequency (2 Fsc) 
components 

In the above equations, (B-Y) and (R-Y) are color 
difference signals, and the double frequency compo 
nents are signal components having twice the color 
subcarrier frequency F56. A pair of lowpass filters 250 
and 260 are coupled to the respective multipliers 220 
and 230 for eliminating undesirable double frequency 
(2.1156) components from the outputs thereof. 
The sine and cosine values applied to the multipliers 

220 and 230 are generated by a random access, read 
only memory (ROM) 240 in response to the instanta 
neous phase ¢]hd sc of an intenrally-generated signal 
phase-locked to the color subcarrier signal. The de 
scription of how the phase angle information ¢SC is gen 
erated is given later. 
The chroma demodulation apparatus 200 includes a 

circuit 300 for generating the instantaneous phase angle 
dax of a burst locked color subcarrier representative 
signal. The circuit 300 comprises a discrete time oscilla 
tor (DTO) 310, means 230 for accounting for once-a 
line discontinuities in the skew corrected clock signal 
MCS, and means 330 for supplying the burst phase error 
information. The DTO 310 includes a delay element 312 
and an adder 314. The delay element 312 consists of a 
plurality (p) of D flip-flops, which are clocked with the 
master clock signal MCS. At each clock period, the 
adder 314 adds to the p-bit previous sum (at a first input) 
terminal 316) a (p-l) bit increment (at a second input 
terminal 318). Only p bits of the adder output are 
latched by the D flip-flops, thereby forming a modulo 
(2P) accumulator. 
The increment at the terminal 318 consists of the sum 

0f: 
a (p-l) bit value NCSS on terminal 340 representative 

of the nominal color subcarrier frequency Fsc (i.e., 3.58 
MHz in the NTSC format), 

a (p-l) bit value NSES on terminal 322 representative 
of the normalized value of the q-bit state of skew error 
signal SES, once every line, and 

(p-12) active bit value PES on terminal 332 represen 
tative of the phase error A¢s¢ between the internally 
generated, color subcarrier representative signal «psc and 
the burst signal BS included in the incoming composite 
video signal CVS. 
The value of p is selected so as to obtain the desired 

degree of resolution in the production of the color sub 
carrier representative signal qbsc. The relationship be 
tween the resolution r in HZ. (e. g., 30 HZ.), the nominal 
clock frequency FMCS (e.g., 14.3 MHz in the NTSC 
format) and the number of bits p is given below: 

In this particular embodiment, p is 20 bits. 
An adder 350 adds the phase error signal PES on the 

terminal 332 to the nominal value NCSS of the color 
subcarrier frequency on the terminal 340. Another 
adder 360 adds the normalized value of the state or 
skew error signal NSES on the terminal 322 to the 
output of the adder 350, once every horizontal line 

Consider the following illustrative situation: 

15 

20 

25 

30 

35 

45 

55 

65 

p= 8 bits 
q= 5 bits 
Phase Error Signal PES=0 
Normalized State or Skew Error Signal NSES=0 
Nominal frequency of the master clock signal MCS is 

4 Fsc 
Nominal digital value representative of the color 

subcarrier signal is given below: 
NCSS = 2P/ 4 

NCSS = 26 
NCSS =0100 0000 
Under these circumstances, the modulo 2B output of 

adder 314 is incremented by a constant increment 0100 
0000 at each clock period. The output sequence is given 
below: 

DTO OUTPUT 

CLOCK NO. ADDER OUTPUT 

00000000 
01000000 
10000000 
1100000) 
00000000 
01000000 
10000000 
11000000 
00000000 

From the above table, it can be seen that the output of 
the DTO 310 is a sawtooth type response, which cycles 
through a set of four values (0000 0000, 0100 0000, 1000 
0000 and 1100 0000) at the Fsc rate (i.e., one cycle for 
every 4 clock pulses). In this illustrative example, the 
DTO output values are established by the NCSS value 
(i.e. 0100 0000), which represents the nominal value of 
the color subcarrier signal frequency Fsc. As previously 
indicated, both PES and NSES values are assumed to 
be zero. 
The functional block 320 comprises of a multiplier 

324 and an AND gate 326. The multiplier 324 provides 
a (p-l) bit normalized digital value NSES by multiply 
ing the q-bit skew error signal SES by a normalizing 
factor NF=2P"I/4. Since the normalizing factor NF is 
an integer power of 2, the multiplication function can be 
realized by simple bit shifting. 
One input of the AND gate 326 is coupled for receiv 

ing the p-l bit normalized skew error signal NSES. The 
complement NLS (4.i and 5.i) of a new line signal NLS 
is applied to the other input of the AND gate 326. The 
AND gate 326 provides the normalized skew error 
signal NSES at its output terminal 322, once every 
horizontal line, in response to the ÑÜ signal. Addition 
of the normalized skew error signal NSES to the nomi 
nal value NCSS of the color subcarrier signal compen~ 
sates the DTO output «bsc for the stretching of clock 
pulses MCSP’s at the start of every horizontal line. 
A D flip-H_op370, shown in FIG. 7, provides the new 

line signal NLS. The D input terminal of the flip-flop 
370 is biased at a logical one state (+5 V). The clock 
signal MCS and the second control signal SCS are ap 
plied to the clock input terminal and the reset terminal 
of the flip-HMM, respectively. The waveform 4.i and 
5.i show the NLS signal at the output terminal 372 of the 
flip-flop 370. 
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The functional block 330 comprises an AND gate 334 
and a burst loop filter 336. The AND gate 334 has input 
terminals coupled for receiving the signal at the termi`1 
nal 262 and the burst gate signal BGS. The burst gate 
signal BGS is a logical one during the burst segment of 5 
the incoming composite video signal CVS. The AND 
gate 334 provides, at the output thereof, the output of 
the lowpass filter 260 when the burst gate signal BS is a 
logical one. During this interval, the output of the low 
pass filter 260 represents the phase error Ada“ between l0 
the intemally-generated, color subcarrier representa= 
tive signal 415C and the burst signal BS included in the 
incoming composite video signal CVS. 
When the internally-generated disc signal is in phase 

with the burst signal BS, the output of the lowpass filter 
260 is zero. When the d1“ signal leads the BS signal, the 
output of the lowpass filter 260 is negative. On the other 
hand, when the «bgg Signal lags the BS signal, the output 
of the lowpass filter 260 is positive. 
The burst loop filter 336 produces a weighted aver~= 

age PES (e.g., Ewi. Adm) of the output A¢s¢ 0f the 
AND gate 334 over several cycles of the burst signal 
BS. Addition of a positive or a negative phase error 
value PES to the nominal value NCSS of the color 
subcarrier signal, respectively, speeds up or slows down 25 
the DTO output frequency in a manner that causes the 
DTO output ab“ to synchronize with the burst signal 
BS 
The ROM 240 generates sine and cosine function 

values for the phase angles represented by the ibs@ values 
applied to the address input port of the ROM. The 
relationship between the phase angle of the color sub 
carrier signal and the 4m input of the ROM 240 is given 
below: 

35 
phase angle=¢Sc/2P>< 211, 

where ¿Sc represents a positive number. 
In summary, the circuit 300 generates a burst locked 

color subcarrier representative signal dm- from the non 
continuous, skew corrected clock signal MCS for use in 
the chroma demodulation apparatus 200. The DTO 310 
provides a modulo (2P) output, representative of the 
burst locked, color subcarrier representative signal abge. 
The functional block 320 compensates for the once-a- 45 
line discontinuities in the skew corrected clock signal 
MCS. The functional block 330 corrects for phase erors 
between the internally generated ‘bsc Signal and the 
color burst signal BS in the incoming composite video 
signal CVS. 
What is claimed is: 
1. A digital television system for processing an in 

coming composite video signal including a horizontal 
line synchronizing signal having successive pulses dis 
posed between successive horizontal lines of picture 55 
information, respectively, wherein said horizontal line 
synchronizing signal exhibits frequency instabilities; 
said system including apparatus for generating an out 
put clock signal, comprising: 
means for generating an oscillatory signal having a 

frequency substantially equal to a predetermined 
frequency; 

control means, responsive to said horizontal line syn 
chronizing signal and to said oscillatory signal for 
developing a control signal representing a transi- 65 
tion of said oscillatory signal occurring within a 
predetermined time interval of a transition of said 
horizontal line synchronizing signal; and 
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clock signal generating means, including frequency 

dividing means, coupled to receive said oscillatory 
signal and having an internal state, for generating 
said output clock signal having a nominal fre 
quency of l/K times said predetermined fre 
quency, where K is a positive integer, and where, 
due to the instabilities in the frequency of said hori 
zontal line synchronizing signal, said output clock 
signal tends to exhibit a skew error with respect to 
said horizontal line synchronizing signal said fre 
quency dividing means being responsive to said 
control signal for resetting its internal state to ef 
fect a change in phase of said output clock signal, 
relative to said horizontal line synchronizing sig 
nal, which tends to correct said output clock signal 
for said skew error; and 

means, coupled to said frequency dividing means and 
to said control means, for latching the internal state 
of said frequency dividing means immediately prior 
to the resetting of said internal state, to provide a 
measure of said change in phase. 

2. The apparatus defined in claim 1 wherein said 
frequency dividing means is reset by said control signal 
once for each respective horizontal line of picture infor 
mation. 

3. The apparatus defined in claim 1 wherein: K is 
substantially equal to 2”, n being a positive integer; said 
frequency dividing means includes n flip-flop circuits 
connected in a ripple configuration; and all of said n 
flip-flop circuits are coupled to be reset by said control 
signal once for each respective horizontal line of picture 
information. 

4. The apparatus defined in claim 1 wherein said 
frequency dividing means comprises a programmable 
counter which nominally divides said oscillatory signal 
in frequency by K, and which further divides said oscil 
latory signal in frequency by a number determined by 
said control signal once for each respective horizontal 
line of picture information. 

5. A digital television system for processing an in 
coming composite video signal including a periodic 
horizontal line synchronizing signal having successive 
pulses disposed between successive horizontal lines of 
picture information, respectively; said system including 
apparatus for generating a. skew corrected clock signal, 
comprising: 
means for generating an oscillatory signal having a 

frequency substantially equal to a predetermined 
frequency; 

control means, responsive to said periodic horizontal 
line synchronizing signal and to said oscillatory 
signal for developing at least one control signal said 
control signal having one pulse for each respective 
horizontal line of picture information; 

clock signal generating means, including: 
first frequency dividing means, coupled to receive 

said oscillatory signal and having an internal 
state, for generating a further oscillatory signal 
having a nominal frequency of l/J times said 
predetermined frequency, where J is a positive 
integer, said first frequency dividing means being 
responsive to said control signal for resetting its 
internal state during a reset time interval to effect 
a change in phase of said further oscillatory sig 
nal relative to said oscillatory signal; 

second frequency dividing means, coupled to said 
first frequency dividing means and having an 
internal state, for generating said skew corrected 



means for aligning a predetermined transition of said 
skew-corrected clock signal occurring after one of said 
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clock signal having a nominal frequency of 1/ L 
times the frequency of said further oscillatory 
signal, where L is a positive integer, said second 
frequency dividing means being coupled to said 
control means for preventing the internal state of 5 
said second frequency dividing means from 
changing during the reset time interval and for 
resetting the internal state of said second fre 
quency dividing means during a further time 
interval subsequent to said reset time interval, to 
effect a change in phase of said skew corrected 
clock signal relative to said oscillatory signal. 

6. The apparatus defined in claim 5 further including 
means for aligning a predetermined transition of said 
skew corrected clock signal occurring after one of said 
pulses of said periodic horizontal line synchronizing 
signal regardless of the internal state of said second 
frequency dividing means during said reset time inter 
val. 

7. The apparatus defined in claim 5 wherein said 20 
control means produces a further control signal in re 
sponse to said periodic horizontal line synchronizing 
signal and said continued: oscillatory signal; wherein 
the leading edges of a pulse of said control signal occurs 
between respective leading and trailing edges of an 
associated pulse of said further control signal; wherein 
said second frequency dividing means has a clock input 
terminal coupled for receiving the output of said first 
frequency dividing means, and said second frequency 
dividing means is conditioned by said further control 
signal to not change its internal state while said first 
frequency dividing means is reset during said reset time 
interval in response to said control signal. 
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12 
pulses of said horizontal line synchronizing signal re 
gardless of the internal state of said second frequency 
dividing means during said reset time interval; said 
transition aligning means comprising: 

a flip-flop having a reset input terminal, and having a 
clock input terminal coupled for receiving the olit 
put of said first frequency dividing means; said 
flip-flop being arranged to change its output state 
each time a further predetermined transition occurs 
at its clock input terminal; 

an OR gate having respective first and second input 
terminals coupled for receiving one of said control 
signal and said further control signal and said skew 
corrected clock signal, respectively, and having an 
output terminal coupled to the reset input terminal 
of said flip-flop; and 

an AND gate having respective first and second input 
terminals coupled for receiving the output signal of 
said flip-flop and said further oscillatory signal, and 
having an output terminal coupled to the clock 
input terminal of said second frequency dividing 
means. 

9. The apparatus as defined in claim 8 further includ 
ing means for latching the internal state of said first 
frequency dividing means prior to its being reset during 

» said reset time interval in response to said control signal; 
said latching means including a plurality of flip-flops 
having respective data input terminals coupled for re 
ceiving respective bit signals indicative of the internal 
state of said first frequency dividing means, and having 
respective clock input terminals coupled for receiving 
said further control signal, whereby the internal state of 
said first frequency dividing means is latched by said 
plurality of flip-flops upon the occurrence of a pulse of 
said further control signal. 
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